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(57) ABSTRACT 
A method of manufacturing a printed Wiring board With sol 
der bumps includes forming a solder-resist layer having small 
and large apertures exposing a respective conductive pad of 
the printed Wiring board, loading a solder ball in each of the 
small and large apertures using a mask With aperture areas 
corresponding to the apertures of the solder-resist layer, form 
ing a ?rst bump having a ?rst height, from the solder ball in 
the small aperture, and a second bump having a second 
height, from the solder ball in the large aperture, the ?rst 
height being greater than the second height, and pres sing a top 
of the ?rst bump such that the ?rst height becomes substan 
tially the same as the second height. A multilayer printed 
Wiring board includes a solder-resist layer With apertures of 
differing siZes and solder bumps having substantially equal 
volumes but a difference in height no greater than 10 um. 

16 Claims, 17 Drawing Sheets 
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FIG. 13 
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PRINTED WIRING BOARD AND A METHOD 
OF MANUFACTURING A PRINTED WIRING 

BOARD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of PCT/JP2007/05 1 354, 
?led J an. 29, 2007, Which claims priority to Japanese patent 
application No. 2006-019065, ?led Jan. 27, 2006, the entire 
contents of each of Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a printed Wiring board 

Which can suitably be used for a package substrate compris 
ing a build-up multilayer Wiring board for mounting an IC 
chip and a method of manufacturing the printed Wiring board. 

2. Discussion of the Background 
Solder bumps are used for an electrical connection betWeen 

a package substrate and an IC chip. Solder bumps are formed 
With the folloWing steps. 

(1) A step of printing ?ux on connection pads formed in a 
package substrate. 

(2) A step of loading solder balls on the connection pads 
With ?ux printed thereon. 

(3) A step of forming solder bumps out of solder balls by 
re?oW. 
An IC chip is placed on solder bumps after the solder bumps 
are formed on a package substrate and the solder bumps and 
the pads (terminals) on the IC chip are connected by re?oW 
such that the IC chip is mounted on the package substrate. For 
the above-described step of loading solder balls on connec 
tion pads, the printing technology using concurrently a ball 
arrangement mask and a squeegee is shoWn in Japanese 
Unexamined Patent Application Publication No. 2001 - 
267731, the entire content of Which is incorporated herein by 
reference. 

SUMMARY OF THE INVENTION 

One aspect of the present invention includes a method of 
manufacturing a printed Wiring board having bumps. The 
method includes forming a solder-resist layer having a small 
diameter aperture and a large-diameter aperture, each aper 
ture exposing a respective conductive pad of the printed Wir 
ing board, loading a solder ball in each of the small-diameter 
aperture and the large-diameter aperture using a mask With 
aperture areas that correspond to the small-diameter aperture 
and the large-diameter aperture of the solder-resist layer, 
forming a ?rst bump, having a ?rst height, from the solder ball 
in the small-diameter aperture, and forming a second bump, 
having a second height, from the solder ball in the large 
diameter aperture, Where the ?rst height is greater than the 
second height. The method further includes pressing a top of 
the ?rst bump in the small-diameter aperture such that the ?rst 
height of the ?rst bump becomes substantially the same as the 
second height of the second bump. Another aspect of the 
invention includes a multilayer printed Wiring board includ 
ing a substrate With a ?rst side, and a second side opposing the 
?rst side. The Wiring board further includes a laminated struc 
ture including alternately laminated interlayer resin insulat 
ing layers and conductor layers, the laminated structure being 
provided on at least one of the ?rst or second side of the 
substrate, and a solder-resist layer provided on an outermost 
layer of the laminated structure, the solder resist layer having 
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2 
apertures of differing siZes each exposing portions of the 
second conductor layer. The Wiring board further includes a 
solder bump provided in each of the apertures, the solder 
bumps having substantially equal volumes but a difference in 
height no greater than 10 um. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and many of 
the attendant advantages thereof Will be readily obtained as 
the same becomes better understood by reference to the fol 
loWing detailed description When considered in connection 
With the accompanying draWings, Wherein: 

FIG. 1 shoWs vieWs of a sequence of steps illustrating a 
method of manufacturing a multilayer printed Wiring board 
according to an embodiment of the present invention. 

FIG. 2 shoWs vieWs of a sequence of steps illustrating a 
method of manufacturing a multilayer printed Wiring board 
according to an embodiment of the present invention. 

FIG. 3 shoWs vieWs of a sequence of steps illustrating a 
method of manufacturing a multilayer printed Wiring board 
according to an embodiment of the present invention. 

FIG. 4 shoWs vieWs of a sequence of steps illustrating a 
method of manufacturing a multilayer printed Wiring board 
according to an embodiment of the present invention. 

FIG. 5 shoWs vieWs of a sequence of steps illustrating a 
method of manufacturing a multilayer printed Wiring board 
according to an embodiment of the present invention. 

FIG. 6 shoWs vieWs of a sequence of steps illustrating a 
method of manufacturing a multilayer printed Wiring board 
according to an embodiment of the present invention. 

FIG. 7 shoWs vieWs of a sequence of steps illustrating a 
method of manufacturing a multilayer printed Wiring board 
according to an embodiment of the present invention. 

FIG. 8 shoWs vieWs of a sequence of steps illustrating a 
method of manufacturing a multilayer printed Wiring board 
according to an embodiment of the present invention. 

FIG. 9 is a cross-sectional vieW of a multilayered printed 
Wiring board related to an embodiment of the present inven 
tion. 

FIG. 10 is a cross-sectional vieW of a multilayered printed 
Wiring board related to an embodiment of the present inven 
tion With a ?at plate applied to solder bumps. 

FIG. 11 is a cross-sectional vieW of a multilayered printed 
Wiring board related to an embodiment of the present inven 
tion. 

FIG. 12 is a cross-sectional vieW of a state in Which an IC 
chip is placed on the multilayered printed Wiring board in 
FIG. 11. 

FIG. 13 is a plan vieW of a multilayer printed Wiring board 
related to an embodiment of the present invention. 

FIG. 14A shoWs the frameWork of a device for mounting a 
solder ball related to the Embodiments of the present inven 
tion. 

FIG. 14B shoWs the vieW from arroW B of the device for 
mounting a solder ball in FIG. 14A according to an embodi 
ment of the present invention. 

FIG. 15 is a cross-sectional vieW of a multilayered printed 
Wiring board related to an embodiment of the present inven 
tion. 

FIG. 16 is a cross-sectional vieW of a multilayered printed 
Wiring board related to an embodiment of the present inven 
tion. 

FIG. 17A is an explanatory draWing illustrating solder 
bumps having different diameters according to background 
art. 
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FIG. 17B is an explanatory drawing illustrating solder 
bumps after re?oW according to background art. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Because a small-diameter solder ball can become smaller 
than a sand grain, for example, in the method for concomi 
tantly using a mask for aligning a ball and a squeegee as in JP 
2001 -26773 1 , the solderball is deformed by the squeegee and 
the height of the solder bump can vary, resulting in quality and 
reliability deterioration of the end device. For example, When 
a solder ball becomes smaller, the ratio of the Weight to the 
surface area decreases and an attraction phenomenon occurs 
to the solder ball due to the intermolecular force thereby 
causing the solder balls to easily stick or cling together. In the 
related art, because solder balls that stick or cling together 
come in contact With a squeegee, the solderballs are damaged 
and partially defected. If the solder ball is partially defected, 
the volume of the solder bump becomes different on each 
joint pad and the height of the solder bump varies as men 
tioned above. With high speed IC chips, there has been a 
demand for larger diameters for the bumps constituting poWer 
supply lines and ground lines so as to be capable of conduct 
ing large electrical currents, and, conversely, With highly 
integrated IC chips there has been a demand for small diam 
eters for the pads and bumps constituting signal lines. 
Accordingly, the present applicant conducted studies on a 
provision for poWer supply and ground of large-diameter 
opening solder bumps 78P (solder volume being large) in 
large-diameter openings 71F and on a provision for signal 
line of small-diameter opening solder bumps 71S (solder 
volume being small) in the small-diameter openings 71S in 
the solder-resist layer 70, as illustrated in FIG. 17 (A). HoW 
ever, it Was learned that With the structure illustrated in FIG. 
17 (A), the solder constituting the small-diameter opening 
solder bump 78S ?oWs out to the pad 92 side on the IC chip 90 
When an IC chip is mounted, as illustrated in FIG. 17 (B), such 
that there occurs a disconnection betWeen the pad 92 on the IC 
chip and the pad 158 on the printed Wiring board. 
One of the objectives for the present invention is to provide 

a printed Wiring board and a method of manufacturing the 
printed Wiring board Whereby bumps can be formed in 
roughly the same height on the connection pads (conductor 
circuits exposed out of the solder-resist layer and varying in 
siZe) having varying opening diameters in the solder-resist. 
And another objective is to provide a printed Wiring board and 
a method of manufacturing the printed Wiring board having a 
high mountability yield and connection reliability after the 
mounting. 
One embodiment of the invention includes a method of 

manufacturing a printed Wiring board With solder bumps 
including at least the folloWing steps (a) through (d): 

(a) a step of forming a solder-resist layer having small 
diameter openings and large-diameter openings exposing 
connection pads; 

(b) a step of loading, With the use of a mask provided With 
opening portions corresponding to the small-diameter open 
ings and large-diameter openings in the above-described sol 
der-resist layer, metal balls having a loW melting point in said 
small-diameter openings and large-diameter openings; 

(c) a step of forming by re?oW bumps having a high height 
out of the metal balls having a loW melting point in the 
above-described small-diameter openings and bumps having 
a loW height out of the metal balls having a loW melting point 
in the above-described large-diameter openings; and 

(d) a step of pressing from the top on the bumps having a 
high height in the above-described small-diameter openings 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
such that the height thereof is nearly the same as that of the 
bumps having a loW height in the above-described large 
diameter openings. 

According to another embodiment of the invention, a mul 
tilayer printed Wiring board on a core substrate has through 
hole conductors penetrating the front face and the rear face, 
and there are alternately laminated interlayer resin insulating 
layers and conductor layers. Via-hole conductors connect a 
conductor layer to another conductor layer. A solder-resist 
layer is provided on the outermost layer. A portion of the 
conductor layer is exposed from an opening in the solder 
resist layer, constituting a pad to mount an electronic part, and 
solder bumps are formed on these pads. 
The above-described openings have different apertures. 

Some have small-diameter apertures having a relatively small 
diameter and some have large-diameter apertures having a 
relatively large diameter. 
The solder bumps formed in said small-diameter apertures 

and the solder bumps formed in the above-described large 
diameter apertures are adjusted such that they are approxi 
mated to each other in height by the solder bumps formed in 
the above-described small-diameter apertures and in the 
above-described large-diameter apertures having the same 
volume and by the solder bumps formed in the above-de 
scribed small-diameter apertures by being ?attened. 
With the use of a mask, metal balls having a loW melting 

point, of substantially equal volume, are loaded into the large 
diameter apertures and the small-diameter apertures in the 
solder-resist layer. Bumps having a high height are formed 
out of metal balls having a loW melting point in the small 
diameter apertures in the solder-resist layer and bumps hav 
ing a loW height are formed out of metal balls having a low 
melting point in the large-diameter apertures in the solder 
resist layer. Then, the bumps having a high height in the 
small-diameter apertures are pressed doWn from the top such 
that they are made nearly the same in height as the bumps 
having a loW height in the large-diameter apertures. Accord 
ingly, even When solder-resist aperture diameters to expose 
connection pads vary, bumps can be formed in nearly the 
same height. Since the bumps in the small-diameter apertures 
have the same volume of the metal having a loW melting point 
as the bumps in the large-diameter apertures, the chance of 
non-connection at the bumps in the small-diameter apertures 
When an IC chip is loaded via the bumps in the small-diameter 
apertures and the bumps in the large-diameter apertures is 
reduced, increasing the connection reliability betWeen the IC 
chip and the printed Wiring board. 

According to yet another embodiment, the metal balls hav 
ing a loW melting point are gathered With the use of a mask 
provided With aperture portions corresponding to the aper 
tures in the solder-resist layer and a cylinder member located 
above said mask. Air is sucked in from said cylinder member, 
such that the metal balls are gathered directly beloW the 
cylinder member. By the above-described cylinder member 
or the printed Wiring board and the mask being moved relative 
to each other in a horizontal direction, the gathered metal 
balls are dropped into the small-diameter apertures and large 
diameter apertures of the solder-resist layer via the aperture 
portions of the mask. Accordingly, this enables ?ne metal 
balls having a loW melting point to be loaded With certainty 
and accuracy in all (or essentially all) the apertures of the 
solder-resist layer. Because the metal balls are moved Without 
being contacted by a moving member such as a squeegee, the 
metal balls can be loaded in the small-diameter apertures and 
large-diameter apertures Without being damaged and 
deformed, alloWing the height of the resulting bumps to be 
uniform. Further, this enables metal balls having a loW melt 














